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INTRODUCTION 
D r i l l i n g  i n t o  the San Andreas f a u l t  zone has begun i n  cen t r a l  C a l u o r n i e  

The purpose of 
F i r s t ,  it w i l l  allow recovery of 

as p a r t  of t h e  U.S.C.S. program of fault zone studies.  
d r i l l i n g  i n t o  the  f a u l t  zone is threefold.  
material from depth i n  order t o  determine the  composition of  both so l id  and 
f l u i d  phases. Second, it w i l l  allow determination of the  physical state of 
the  f a u l t  zone, t h a t  is, the  s t a t e  of s t r e s s ,  pore pressure,  and temperature. 
F ina l ly ,  it w i l l  allow emplacement of instruments at  depth i n  the  f a u l t  zone 
fo r  monitoring experiments r e l a t ed  t o  short-term earthquake prediction.  

d r i l l  site was chosen a t  a loca le  known a s  Dry Lake Valley (Fig. 1). Although 
t h e  entire cent ra l  sec t ion  of the  San Andreas f a u l t  is characterized by 
moderate seismici ty  and aseismic creep, Dry Lake Valley has pa r t i cu l a r ly  
shallow earthquakes as well as a f a i r l y  high creep rate (18-20 mm/year). 
Figure 2 i s ’ a  longitudinal sec t ion  along t h e  San Andreas fau l t .  
precis ion earthquake loca t ions  shown are magnitude one or greater events t h a t  
occurred i n  1973-1975 (from W. Ellsworth, pers. comm.). 
a r e  accurate t o  about 5 0.5 cm. 
earthquakes in the  sec t ion  of t h e  fault near the  well are qu i t e  shallow. 

I n  an attempt t o  d r i l l  t o  t h e  depth of earthquake f o c i i ,  the  i n i t i a l  

The high 

The depth es t imates  
It is obvious from the  f igure  t h a t  

SAMPLE ANALYSIS 
Samples used i n  t h i s  study were obtained by side-w, 

usual lv  yielded i n t a c t  cy l indr ica l  samples 2.5 cm i n  d i ,  
Samples were taken every 4.6 m from depths between 33.5 
D r i l l i n g  ceased and the  hole was abandoned when natural 
a depth of 354 m. With t h e  exception of poorly consolil 
samples from the  bottom of t h e  hole, t h e  samples were p 
composed of c lay gouge. The clays were analyzed f o r  COI 
d i f f r ac t ion  techniques. 

Samples were prepared i n  accordance with e s t ab l i sh  
Bartow, pers. comm., 1971; Cibbs, 1971). The s t eps  bas 
disaggregating 1.5-2.0 g of sample i n  100 m l  of d i s t i l l ,  
u l t rasonic  probe: 2) allowing t h e  sample t o  set f o r  43 I 
>2p i n  s i z e  t o  settle out; 3)  eyedropping the r e su l t i ng  

a l l  coring. T h i s  
m e t e r  and 4.5 cm long. 
m and 284.7 m. 
gas was encountered a t  

dated sedimentary 
rimarily (>80%) 
p o s i t i o n  using x-ray 

ed methods (J .  A. 
i c a l l y  consisted of 1) 
ed water with an 
ninutes for p a r t i c l e s  
suspension onto an 
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AlSiMag disk. A suction was applied to the bottom of the disk in order to 
draw the water through the disk and leave a uniform layer of the sample 
deposited. 
x-rayed in a series of four steps (Norman, pers. comm.; Schultz, 1964; Pierce 
and Siegel, 1969). These steps are illustrated in Figures 3a-d (the shaded 
peaks in these figures correspond to the AlSiMag sample holder) and can be 
summarized as follows: 

present corresponding to kaolinite (12.40) and montmorillonite-chlorite 
160) and chlorite-kaolinite (250). 
(8.7O) peaks are also present. 

4-48 hours before being x-rayed (Fig. 3b). 
clays causes peak shift from 60 to 5.2O. 
now apparent. 

Step 3 - Sample is heated at 4000 C for 1 hour before being x-rayed 
(Fig. 3.2). Swelled montimorillonite collapses to 8.7O and reinforces the 
illite peak. 

Step 4 - Sample is heated to 5500 C for lt-18 hours before being 
x-rayed (Fig. 3d). This destroys the kaolinite (12.40) and further 
separates the chlorite from montmorillonite. 

The procedure for quantitative analysis was taken from Schultz (1964) and 
Pierce and Siegel (1969) and is based on measurement of peak heights and 
areas. Areas were determined in the manner suggested by Schultz (1964). 
Results of the quantitative analyses is tabulated in Table 1 and are shown 
graphically as a function of depth in Figure 4. 

Each sample was then air dryed in a dust-free environment and 

Step 1 - Air dryed sample is x-rayed (Fig. 3a). Prominent peaks are 

Chlorite-illite (18.60) and illite 

Step 2 - Sample is heated in ethyleneglycol atmosphere at 600 c for 
Swelling of the montmorillonite 

A chlorite peak at 6O is also 

DISCUSSION 
The presence of clay gouges in the San Andreas fault has considerable 

significance with respect to the fault's mechanical behavior. 
Byerlee (1976) showed that the strength of granular aggregates (crushed 
granite) under pressure was high and essentially the same as the frictional 
strength of intact materials. The strength of montmorillonite clay, however, 
is apparently quite weak (Byerlee, 1978; Wang et al., 1979) and if ubiquitous, 
this could drastically affect the strength and deformation character of the 
fault zone. Wu et al. (1975) discuss the distribution of clay gouges in the 
San Andreas system and their possible origin. 
origin of such clays is probably not shallow (after Waters and Campbell, 1935) 
and argue that based on the age of the San Andreas system (probably ' 5 0  my) 
and reasonable erosional rates (0.1 mm/year) that near surface material may 
represent gouge formed at about 5 km. Without further data, however, the 
question of the composition of the San Andreas fault and the effect of 
composition on mechanical behavior will remain unresolved. 

Zoback and 

They cite evidence that the 

269 



REFWEN 
Byerlee, J. D., 1978, Fr ic t ion  of rocks: 
Galehouse, J. S., 1971, Sedimentation anal 

Petrology: John Wiley and Sons, Inc. 
Gibbs, R. J., 1971, X-ray d l f f rac t ion  mounts, i n  Procedures i n  Sedimentary 

Petrology: John Wiley and Sons, Inc., New York, 653 p. 
Pierce, J. W. and F. R. Siegel, 1969, Quantification i n  c lay mineral s tudies  

of sediments and sedimentary rocks: Jour. of Sedimentary Petrology, V. 
39, no.1, p. 187-193. 

Schultz I L. G., 1964, Quant i ta t ive  in te rpre ta t ion  of mineralogical composition 
from x-rays and chemical data for the Pierre Shale, i n  Analytical Methods 
i n  Geochemical Invest igat ion of the  Pierre Shale: 
Prof. Paper 3 9 1 4 ,  p. Cl-C31. 

Wang, C.-Y., N.-H Mao, and F. T. Wu, 1979, Mechanical property of c lay at  high 
pressure and implication on f a u l t  behavior, submitted t o  Jour. Geophys. 
Research. 

Waters, R. C., and G. D. Campbell, 1935, Mylonltes from the San Andreas f a u l t  
zone: Am. Jour. of Science, V. 29, p. 473-503. 

Wu, F. T., L. Blatter, and H. Roberson, 1975, Clay gouges i n  the  San Andreas 
fault system and t h e i r  possible implications: Pageoph, V. 113, p. 87-95. 

Zoback, M. D., and J. D. Byerlee, 1976, A note on the deformational behavior 
and permeability of crushed granite:  In t .  Jour. Rock Mech. Min Sci. and 
Geomech Abstr., v. 13 ,  p. 291-294. 

U.S. Geol. Survey 

TABLE 1 
Dry Lake Valley Hole No. 1 
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